














































STRESS  IN  THE  COURSE  OF  ANY  MANUAL  WORK  *EWELLERS  ARE 
THEREFORE  FACED  WITH  THE  PROBLEMS  OF  DESTRUCTIVE  WEAR  ON 
GOLD  PIECES  OF  JEWELLERY  IN  THEIR  EVERYDAY  WORK  /N  THIS 
ACCOUNT RESEARCH ON GOLD ALLOYS WITH INCREASED HARDNESS AND 
WEARRESISTANCE FOR USE IN JEWELLERY HAS BEEN A CHALLENGE FOR 







THE  PRODUCTION  4YPICAL  EXAMPLES  FOR  GOLDCONTAMINATED 
EVERYDAYOBJECTS  ARE  HANDHOLDS  COINS  HANDRAILS  STEERING
WHEELS CUTLERY AND SO ON /F COURSE MOST OF  THE METAL  IS 
ABRADED BY THE SKIN ;= 3OMETIMES THE ABRASION OF METAL 
PARTICLES  OF  GOLD  JEWELLERY  EVEN  CAUSES  THE  APPEARANCE  OF 








 7EDDING  RINGS  PLAY  AN  IMPORTANT  ROLE  AS  A  SOURCE  OF 





SURFACE  THE  WEAR  BECOMES  PROBLEMATIC  WHEN  ANALYTICAL 







PER  G OF  SAMPLE  ;= /NLY  TWO ELEMENTS OF  THE PERIODIC 
TABLE  DYSPROSIUM  AND  EUROPIUM	  CAN  BE  DETERMINED WITH 







SAMPLE  EG  CONTAINING !U)	  OR !U)))	  COMPOUNDS MAY BE 
CONTAMINATED  WITH METALLIC  GOLD  PARTICLES  )N  GENERAL  ONE 
MAIN METHODOLOGICAL ADVANTAGE OF ).!! COMPARED TO OTHER 
ANALYTICAL METHODS  IS  A  SIMPLE  AND  STRAIGHTFORWARD  SAMPLE 
PREPARATION  4HE  ALIQUOT  THAT  IS  ANALYSED  ONLY  HAS  TO  BE 
REPRESENTATIVE  FOR  THE  WHOLE  AMOUNT  OF  SAMPLE  MATERIAL 
(OMOGENEITY  IS  THEREFORE A PREREQUISITE 5NFORTUNATELY  THE 
PROCEDURE  OF  HOMOGENISATION  IS  NOT  ONLY  TIMECONSUMING 
BUT ALSO OFFERS THE POSSIBILITY FOR THE ANALYTICAL CHEMIST TO RUN 
THE  RISK  OF  CONTAMINATION  IF  HOMOGENISATION  IS  PERFORMED 
MANUALLY  'EOLOGICAL  SAMPLES  FOR  EXAMPLE  CAN  BE 
HOMOGENISED BY GRINDING IN AN AGATE MORTAR ;= -ECHANICAL 

















AND  THE  WORDS  ±6ERI    *ULI  ²  AS  SHOWN  IN  &IG  4HE 
AUTHOR WEARS IT ON THE RING ½NGER OF THE RIGHT HAND WHICH IS 
AN  !USTRIAN  TRADITION  4HE  AUTHOR  IS  ALSO  RIGHT  HANDED  )N 
6IENNA  FROM  *ULY  TO  $ECEMBER  	  THE  AUTHOR  SPENT 
APPROXIMATELY  OF HIS WORKING TIME IN THE LABORATORY AND 
  IN  HIS  OF½CE  WITH  LARGE  VARIATIONS	  IN  -UNICH  FROM 
*ANUARY TO *ULY 	 THE RATIO WAS APPROXIMATELY 
7EIGHING 
7EIGHING WAS  CHOSEN  TO BE  THE METHOD OF  CHOICE  FOR  THE 
OBJECTIVE OF  THIS  STUDY  4HE  RING WAS WEIGHED ONCE WEEKLY 
4HURSDAY IF POSSIBLE	 OVER THE PERIOD OF ONE YEAR BEGINNING 
ONE WEEK AFTER THE WEDDING CEREMONY 4HE MICROANALYTICAL 
BALANCES  WERE  A  3ARTORIUS  2ESEARCH£  PROPERTY  OF  THE 




LABORATORY  ½LTER  CAUSES  AN ABRASION OF UP  TO  G GOLD 
4HIS  SCENARIO  IS  A GOOD BASIS  FOR  FURTHER  INVESTIGATIONS  BUT 
SINCE  THE  ABRASION  IN  THIS  EXPERIMENT  WAS  PERFORMED  ON 
PURPOSE IT IS NOT SUITED TO SIMULATE THE LOSS OF MATERIAL OVER A 





.!!  IS  AN  EXCELLENT  ANALYTICAL  TOOL  FOR  QUALITATIVE  AND 
QUANTITATIVE  ANALYSIS  OF  A  NUMBER  OF  ELEMENTS  ;=  4HE 




4HE  GPHOTONS  EMITTED  UPON  DECAY  OF  THOSE  ARTI½CIAL 






 BARN y  CM	 WHICH  IS MUCH  LARGER  THAN  THE  CROSS 
SECTION VALUES OF MOST OTHER STABLE NUCLEI
   4HE HALFLIFE OF  THE ACTIVATION PRODUCT  !U  IS  D 
WHICH IS VERY SUITABLE BECAUSE IT IS SHORTLIVED ENOUGH TO 






ACTIVATED  SAMPLE  WITH  A  HIGH  GOLDCONTENT  FOR  AN 





GRADIATION  CAUSES  AN  ALMOST  UNDISTURBED PHOTOPEAK  IN 
THE  GSPECTRUM  -OREOVER  MODERN  SEMICONDUCTOR 
DETECTORS  LIKE  (IGH  0URITY  'ERMANIUM  (0'EDETECTORS	 
SHOW  A  GOOD  DETECTION  EF½CIENCY  FOR  PHOTONS  WITH  THIS 
ENERGY
!LL THESE FEATURES LISTED ABOVE AND THE FACT THAT THE NUCLEAR 



















EACH AND  IN EVERY WEIGHING CYCLE  THE AUTHOR WAITED  FOR AT 
LEAST  S TO GUARANTEE COMPLETE STABILISATION OF THE BALANCE 
4O MAKE SURE  THAT  THE WASHING PROCEDURE  IN  THE ULTRASONIC 
BATH  DID  NOT  CAUSE  ADDITIONAL  WEAR  THAT  COULD  HAVE  BEEN 
MISATTRIBUTED  TO  THE  ±NATURAL²  ABRASION  DURING  THE  TIME  OF 
WEARING  THE WHOLE WASHING PROCEDURE WAS  REPEATED ONCE 
IMMEDIATELY AFTER A WEIGHING CYCLE 4HE RESULTS OF THE SECOND 
WEIGHING  CYCLE WERE  IDENTICAL WITH  THOSE  OF  THE  ½RST  CYCLE 
SHOWING THAT THE METHOD WAS SUITABLE FOR THIS STUDY


















HAS  A  CERTI½ED  GOLD  CONTENT  OF  Ã  THIS  EXPERIMENT 
PRODUCED LARGE VARIATIONS AND FALSE RESULTS OF  !U LOWEST 
SAMPLE MASS	 TO  !U HIGHEST SAMPLE MASS	 /BVIOUSLY 
THE  NEUTRON  ¾UX  INSIDE  THE  THICK  NUGGETLIKE  SAMPLE  HAD 
BEEN SIGNI½CANTLY DECREASED BY SELFABSORPTION OF THE SAMPLE 
-OREOVER γRAY SELFATTENUATION OF THE BULK GOLD SAMPLE IS A 





ARE  TRUE  FOR  THE  WEDDING  RING  SAMPLE  4O  OVERCOME  THIS 
PROBLEM  A  VARIATION  ON  2ADIOCHEMICAL  .EUTRON  !CTIVATION 
!NALYSIS  2.!!	  WAS  NECESSARY  TO  DETERMINE  THE  SAMPLE 
COMPOSITION (OWEVER FOR QUALITATIVE DETERMINATION OF TRACE 
















ACID  WAS  CAREFULLY  NEUTRALISED  USING  AN  AMMONIA  SOLUTION 
  -ERCK£  $ARMSTADT  SUPRAPUR£	  7ITH  AN  EXCESS  OF 





STABILISATION    MG  OF  POTASSIUM  CYANIDE  -ERCK£ 
$ARMSTADT PA	 WERE ADDED TO THE SOLUTION 4HIS LEADS TO THE 
FORMATION  OF  STABLE  CYANOCOMPLEXES  AND  PREVENTS  THE 
PRECIPITATION OF POTENTIALLY HAZARDOUS EXPLOSIVE  SUBSTANCES 
LIKE SILVER AMIDE !G.(	 OR SILVER NITRIDE !G.	 OR A MIXTURE 
OF  INCOMPLETELY  DE½NED  NOR  CHARACTERISED  GOLD)))	  AMIDES 
IMIDES AMMINES CHLORIDES HYDROXIDES AND OXIDES GENERALLY 
KNOWN  AS  ±FULMINATING  GOLD²  ;=  5PON  ADDITION  OF 
POTASSIUM CYANIDE THE SOLUTION  LOST  ITS COLOUR  IMMEDIATELY 
AND  THE  ¾ASK  WAS  ½LLED  WITH  WATER  TO   ML  !LIQUOTS  OF 
 L WERE PIPETTED  INTO POLYETHYLENE  IRRADIATIONVIALS &OR 
  %LEMENT  !CTIVATION PRODUCT  (ALFLIFE  γPHOTON ENERGY
        KE6	
  #U  #U   MIN  
  !G  !G   MIN  
  )R  )R   D  





USED  GOLDFOIL  HIGH  PURITY  NEUTRON  ¾UX  DENSITY  MONITOR




"OTH  STANDARDS  AND  SAMPLE  SOLUTIONS  WERE  IRRADIATED 
SEQUENTIALLY USING THE PNEUMATIC SAMPLE TRANSFER SYSTEM OF 
THE  42)'!  -ARK  ))  RESEARCH  REACTOR  AT  THE  !TOMINSTITUT  IN 
6IENNA  4HE  THERMAL NEUTRON ¾UX DENSITY  IN  THIS POSITION  IS 






















  MM  SEE  4ABLE  	  4HE  RESULTS  OF  THE  WEIGHING  ARE 
PRESENTED IN &IG  %RROR BARS SHOWN THERE ARE FOR THE CON½DENCE 
INTERVAL 0   /VER THE PERIOD OF ONE YEAR THE RING LOST 
  MG  OF    CARAT  GOLD  4HE  AVERAGE  WEEKLY  ABRASION  IS 
THEREFORE  MG  4HIS  IS  IN GOOD AGREEMENT WITH  AN EARLY 
      0OSITION OF THE MEASUREMENT
    /N THE ±6² OF THE  "ETWEEN THE  /N THE OPPOSITE
    ENGRAVED WORD ±6ERI²  HALLMARK AND THE WORD ±6ERI²  SIDE OF THE WORD ±6ERI²
  $ECEMBER       
  *UNE       
4ABLE 
4HICKNESS OF THE RING IN MM MEASURED IN THREE DIFFERENT POSITIONS
Jul. Aug. Sep. Oct. Nov.
2006 2007



































BE  ASSUMED  THAT  THIS  CORROSION  IS  OF MUCH  LESS  IMPORTANCE 
THAN  THE  MECHANICAL  WEAR  &IRSTLY  BECAUSE  OF  THE  NOBLE 
CHARACTER OF THE RING´S ALLOY AND SECONDLY BECAUSE NO SIGNI½CANT 
TEMPERATUREDEPENDENCE  AND  THUS  SWEATDEPENDENCE	  IN 
THE LOSS OF WEIGHT COULD BE OBSERVED 4ABLE  SHOWS THE OVERALL 
LOSS OF WEIGHT PER MONTH METEOROLOGICAL SEASON AND HALFYEAR 
OVER  THE PERIOD OF  INVESTIGATION  4HE HYPOTHESIS  THAT  SWEAT
INDUCED CORROSION CONTRIBUTES ONLY MARGINALLY TO THE TOTAL LOSS 
OF WEIGHT IS SUPPORTED BY THE RESULTS OF A SIMPLE EXPERIMENT IN 









INCREASES  THE  LOSS OF WEIGHT OBVIOUSLY  THE  SAND ACTS  AS  AN 
ABRASIVE  ON  THE  METAL  SURFACE  !NOTHER  EXPLANATION  FOR 




SKIING  WEARING  OF  GLOVES	  OR  ATTENDING  A  ROCK  CONCERT 
PROBABLY  DUE  TO  CONTINUOUS  HAND  CLAPPING	  SHOW  SLIGHTLY 
INCREASED  ABRASION  IN  THE  FOLLOWING  WEIGHING  CYCLES  SEE 





DOES  ¾Y  ½SHING  WITH  A  CORK  HANDLED  ROD  NOR  TRAVELLING  IN 
THE  COURSE  OF  A  SHORT  TRIP  TO  -ADRID  DESPITE  CARRYING  A 
HEAVY SUITCASE	
)NTERESTINGLY  EACH  EVENT  CAUSING  AN  UNUSUALLY  HIGH 
ABRASION WAS OFTEN FOLLOWED BY WEEKS OF LESSER LOSS OF WEIGHT 
AS SHOWN IN &IGURE  ESPECIALLY AFTER GARDENING	 4HE AUTHOR 
HAS  NO  EXPLANATION  FOR  THIS  PHENOMENON  IT  MAY  JUST  BE 
COINCIDENCE (OWEVER THE RING´S ABRASIVE WEAR RATE IS ALMOST 
LINEAR OVER THE YEAR COEF½CIENT OF DETERMINATION 2   
REGRESSION  LINE  Y    À  X   	  4HE  RING´S DENSITY  IS 
 GCM ;= 4HUS THE TOTAL VOLUME OF ABRADED MATERIAL 
FROM THE RING IS  MM 
      4HE RING´S ABRASION IN MG  CARAT GOLD	 PER
  MONTH  METEOROLOGICAL SEASON  HALFYEAR
  *ULY     3UMMER INCLUDING *UNE 	  
  !UGUST          
  3EPTEMBER         AUTHOR IN 6IENNA  
  /CTOBER     !UTUMN  
  .OVEMBER          
  $ECEMBER      
  *ANUARY     7INTER     
  &EBRUARY          
  -ARCH         AUTHOR IN -UNICH  
  !PRIL     3PRING     
  -AY          
  *UNE          
4ABLE 
!BRASIVE WEAR OVER THE YEAR
  %VENT  7EEKLY ABRASION MG	  %VENT  7EEKLY ABRASION MG	
  6ACATION ON A SANDY BEACH    3KIING  
  &LY ½SHING    4HREE WEEKS VACATION NO SAND	  
  4WO DAYS IN BED ¾U	    'ARDENING 	  





0ROVIDED  CONTINUOUS  ABRASION  OVER  THE  DAY  THE  AUTHOR 








=  &ROM  THIS  POINT  OF  VIEW  THE  RING´S  ABRASIVE  WEAR  RATE 
PRESENTED AND DISCUSSED IN THIS STUDY CAN BE REGARDED AS THE 
MINIMUM -ANY RING OWNERS FACE MUCH HIGHER WEAR DUE TO 
THE  ABOVE  MENTIONED  FACTORS  AND  NEED  MORE  THAN  ONE 







MATERIAL WAS  FOUND  TO BE  MG   MM	 OF  CARAT 
GOLD  4HE  ABRASIVE  WEAR  DOES  NOT  SHOW  A  SIGNI½CANT 
DEPENDENCY TO THE SEASON OR OUTSIDE TEMPERATURE BUT VERY 
MUCH  TO  THE  OWNER´S  PHYSICAL  ACTIVITY  WEARING  OF  THE  RING 




4HE  AUTHOR  STRONGLY  SUGGESTS  TO  NOT  WEAR  GOLD  RINGS 
IN ANALYTICAL LABORATORIES THAT ARE DEDICATED TO THE ANALYSIS 
OF  TRACES  OF METALS  BECAUSE  A  GOLD  RING  OR  THE  SKIN  THAT 
HAS  BEEN  IN  CONTACT  WITH  THE  RING  ARE  POSSIBLE  SOURCES 
OF CONTAMINATION 3URFACE ANALYTICAL METHODS LIKE 3ECONDARY 
)ON  -ASS  3PECTROMETRY  3)-3	  82AY  &LUORESCENCE  82&	 
AND  ,ASER  !BLATION)NDUCTIVELY  #OUPLED  0LASMA-ASS 
3PECTROMETRY  ,!)#0-3	  MIGHT  BE  EVEN  MORE  AFFECTED 
BY  SUCH  CONTAMINATIONS  THAN  BULK  ANALYZING  METHODS 
LIKE .!!
)N  6IENNA  A  CITY  OF  SOME    MILLION  INHABITANTS  THERE 
ARE APPROXIMATELY   MARRIED COUPLES ;= !SSUMING 





4HIS  STUDY  ALSO  DEMONSTRATES  THE  EXCELLENT  SUITABILITY  OF 
.EUTRON !CTIVATION !NALYSIS FOR SAMPLES CONTAINING PRECIOUS 
METALS  ESPECIALLY  GOLD	  4HE  !TOMINSTITUT  IS  OPEN  FOR 
COLLABORATION IN ANY SCIENTI½C AND INDUSTRIAL ½ELD WHERE .!! 
MIGHT HELP SOLVE A PROBLEM ¯  ESPECIALLY FOR THE DETERMINATION 
OF  TRACE  AMOUNTS  OF  GOLD  IN  POTENTIALLY  CRITICAL  MATRICES 
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